Background: Antioxidants such as vitamin C can eliminate free radicles responsible for oxidative stress. Objective: To assess the serum level of vitamin C in a sample of multiple sclerosis (MS) patients to investigate a possible role of vitamin C in the pathogenesis of MS. Subjects and Methods: Forty patients with MS and twenty healthy controls were included in this study. Vitamin C level was estimated for each participant. Results: Serum vitamin C levels were significantly lower among the patients (ranging from 0.28 mg/dL to 0.75 mg/dL with mean 0.47 ± 0.14 mg/dL and median of 0.46 mg/dL) compared to controls (ranging from 0.60 mg/dL to 2.90 mg/dL with mean 1.87 ± 0.61 mg/dL and median of 1.90 mg/dL) (P < 0.001). A positive correlation was detected between age and serum vitamin C (r = 0.312, P = 0.049). Patients with infratentorial lesions had significantly lower levels of serum vitamin C compared to those who did not have infratentorial lesions (P = 0.017). Conclusion: Patients with MS tended to have low serum vitamin C levels, and younger patients had lower serum levels.
Introduction
Free radicals are mainly derived from oxygen (reactive oxygen species/ROS) and nitrogen (reactive nitrogen species/RNS), and are generated in response to various endogenous systems, exposure to different physicochemical conditions or pathophysiological states [1] . Overproduction of ROS (arising either from mitochondrial electron-transport chain or excessive stimulation of NADPH) results in oxidative stress, which in turn mediates damage of cell structures such as lipids, proteins, cell membranes and DNA [2] . There is significant evidence that the pathogenesis of several neurological diseases, including MS, may involve the generation of free radicals ROS and/or RNS associated with mitochondrial dysfunction [3] . ROS lead to oxidative stress and in turn have been implicated as mediators of demyelination and axonal damage in the experimental autoimmune encephalomyelitis. ROS cause damage to cardinal cellular components such as lipids, proteins and nucleic acids with subsequent cell death by necrosis or apoptosis. In addition, weakened cellular antioxidant defense systems and its vulnerability to ROS effects may increase damage [4] .
A balance between free radicals and antioxidants is necessary for proper physiological function. If free radicals overwhelm the body's ability to regulate them, a condition known as oxidative stress is induced. Therefore antioxidants can assist in coping with this oxidative stress [5] .
Vitamin C is one of the known protective antioxidant mechanisms [1] . This may postulate a possible role for vitamin C, which is an important antioxidant for elimination of free radicles, in the pathogenesis of multiple sclerosis (MS).
Deficiency of vitamin C, in turn, may play role in the pathogenesis of MS. The blood of patients with MS shows the signs of a significant oxidative stress manifested by low levels of some of the antioxidants [6] [7] .
This study aimed to detect the serum levels of vitamin C in an Egyptian sample of patients with MS in order to investigate a potential role of vitamin C as an antioxidant in the pathogenesis of MS.
Patients and Methods
This was a case control study observational study that was conducted at Ain presented. Dichotomous or categorical data were presented as number and percentage. Inferential analyses were done for quantitative variables using independent t-test and ANOVA-test, in cases of two independent groups and more than two groups respectively with parametric data, and Mann Whitney's U-test and Kruskal-Wallis in cases of two independent groups and more than two groups respectively with non-parametric data. For qualitative data, Chi square test for independent groups were used. The level of significance was set at a P value of less than 0.05.
Results
Analysis of the demographic data showed that the case group included 10 males (25%) and 30 females (75%), and their age ranged from 20 to 57 years with mean age of 32.53 ± 9.31. The control group included 5 males (25%) and 15 females (75%), and their age ranged from 22 to 60 years with mean age of 33.10 ± 10.50.
The comparison between the 2 groups revealed no statistical significance as regard to age and gender (P = 0.830 and P = 1.000 respectively).
The case group included 28 patients with the diagnosis RRMS (representing 70% of case group) and 12 patients with SPMS (representing 30% of case group). Table 1 showed the clinical characteristics of the case group.
As regards the MRI findings among the case group, Analysis of the laboratory data showed that serum vitamin C levels were significantly lower in the case group ranging from 0.28 mg/dL to 0.75 mg/dL with mean 0.47 ± 0.14 mg/dL and median of 0.46 mg/dL, when compared to control group ranging from 0.60 mg/dL to 2.90 mg/dL with mean 1.87 ± 0.61 mg/dL and median of 1.90 mg/dL (P < 0.001) ( Table 3 ). The correlation between the demographics and clinical characteristics of the case group and serum vitamin C levels showed a positive correlation between age and serum vitamin C (r = 0.312, P = 0.049) (Figure 1 ), while no correlation was detected between serum vitamin C and gender (P = 0.092), the age of the patient at the onset of disease (P = 0.125), the duration of illness (P = 0.328), and the EDSS score (P = 0.203).
The comparison of vitamin C levels among RRMS and SPMS patients showed non-significant difference (P = 0.959) ( Table 4 ).
As regards the MRI findings, there was a significant correlation between the serum levels of vitamin C and the infratentorial lesions (P = 0.017) as patients with infratentorial lesions ranging from 1 -5 lesions had significantly lower levels of serum vitamin C (ranging from 0.28 mg/dL to 0.66 mg/dL with a mean value of 0.44 ± 0.13 mg/dL and median of 0.37 mg/dL) compared to those who did not have infratentorial lesions (ranging from 0.35 mg/dL to 0.75 mg/dL with a mean value of 0.57 ± 0.13 mg/dL and median of 0.58 mg/dL). There were no significant correlations between serum levels of vitamin C and the total number of T2 lesions (P = 0.891), number of periventricular lesions (P = 0.972), number of juxtacortical lesions (P = 0.593), or presence of spinal cord lesions (P = 0.309) ( Table 5 ). 
Discussion
The results from this study showed that MS patients had significantly lower level of vitamin C compared to controls (P < 0.001). Previous studies showed that MS patients had displayed significantly lower vitamin C level as compared to healthy individuals [9] [10] . Although we are convinced that vitamin deficiency alone is not an exclusive cause of MS, yet the relationship between vitamin deficiency and the pathogenesis of MS is still an area for research. For example vitamin D has been related to MS pathogenesis and disease progression in large cohorts and many studies [11] [12] [13] . As regards vitamin C we tried to investigate a possible role for vitamin C as an antioxidant in the etiology of MS. A more likely explanation for low vitamin C levels among MS patients in this study would be that vitamin C is consumed at an increased rate as defense mechanisms of the body against the ongoing oxidative stress. Other non-antioxidant function of vitamin C is inhibiting the binding of glutamate to the N-methyl-d-aspartate (NMDA) receptor, with subsequent prevention of excitotoxicity exerted by the glutamate [14] .
Also the finding from this study and the above mentioned studies can support the pathogenesis of MS as imbalance between free radicals and antioxidants.
This has to be validated in larger scales trials based on the results of this study and other previous studies [9] [10] . It worth to mention here that the possible role of dietary components in the pathogenesis of MS has been discovered in a similar way; reports from small trials that latter on were verified by larger multi-centered trials and cohorts, the same story as vitamin D.
One case-control study reported that higher intakes of ascorbic acid were ne- [15] . On the other hand, two large cohorts that examined the association between intake of dietary ascorbic acid and the risk of MS in women did not find associations between intakes of fruits and vegetables, use of ascorbic acid, or multivitamin supplements and the risk of MS [16] .
In the present study there was there was positive correlation between age and serum levels of vitamin C. This finding, if associated with the postulation that vitamin C is consumed at an increased rate against the ongoing oxidative burden, seems to be logical especially that the pathology of MS starts in the early stages of life, so vitamin C is early consumed among younger patients.
The serum levels of vitamin C did not correlate with the EDSS score or the types of MS (RRMS or SPMS). This was corroborated in previous study [9] . This may denote to a minimal role of vitamin C in the progression of the disease.
This may postulate vitamin C might be related to the etiology of the disease rather than its progression.
As regards the MRI findings, patients with infratentorial lesions had significantly lower levels of serum vitamin C compared to those who did not have infratentorial lesions. Although infratentorial lesions are strongly correlated with disability [17] , low vitamin C levels are not essentially related to disability as there was no correlation between serum level of vitamin C and EDSS scores.
The strengths of this study included the study design as a case control study, which allowed the comparison of the serum level of vitamin C in the most common types of MS (RRMS and SPMS) to healthy controls. One of the limitations of this study may be the relatively small sized sample.
Conclusion
Patients with MS had lower serum vitamin C levels, compared to controls, and younger patients, had lower serum levels.
